The " Moreton" and "Torresian" races of Caledie captiva are parapatrically distributed in south-east Queensland. Although no obvious morphological differences exist between these taxa, there is a very high level of karyotypic divergence. An analysis of the structure of the contact zone has revealed that the transition from one race to the other occurs very abruptly, with approxin-iately 65 per cent of the change in racial frequencies occurring in a 200 m interval. The total width of the zone of hybridisation is 1 k and within this area, mating occurs randomly within and between the races. Analyses of the karyotypic data have established that there is rapid elimination of" Moreton" autosomes on the " Torresian" side of the zone, but that " Torresian" autosomes are retained on the " Moreton" side. Further, the patterns of ehromosomal gametic disequilibria differ on the two sides of the zone, providing evidence of asymmetrical hybrid breakdown and supporting the hypothesis of one-way introgression of autosomes from the "Torresian" into the Moreton" race. A deterministic model examines the effect of hybrid breakdown in a contact zone.
INTRODUCTION
HYBRID zones, recognisable on morphological or chromosomal criteria have been found in many groups of invertebrates and vertebrates (Mayr, 1963; Short, 1972; Moran and Shaw, 1977) . Their very existence is a challenge to the biological species concept, which is based on sexual isolation, hybrid infertility and developmental incompatibility, since all of these criteria may break down within hybrid zones. Bigelow (1965) considered that " the interpretation of hybrid zones remains one of the most difficult of taxonomic problems, despite the striking advances in systematics of recent decades" and subsequent research has still not attained a clear solution to this problem.
The problem is to a large extent a matter of the definition of a species and in particular of what constitutes reproductive isolation. Mayr's (1963) well known definition of the species made lack of interbreeding an important criterion for reproductive isolation. However, Bigelow (1965) proposed that "reproductive isolation should be considered in terms of gene flow and not in terms of interbreeding, since selection will inhibit gene flow between two well integrated gene pools despite interbreeding ". However, a similar criticism can be applied to this criterion of reproductive isolation that Bigelow himself applied to Mayr's. Lack of gene flow cannot be an absolute criterion of species status, otherwise it would not be necessary to define introgression as the incorporation of genes of one species into the gene pool of another. Therefore the presence or absence of gene flow cannot be the basis of an operational species definition. However, providing that introgression is limited and does not cause an attenuation of the isolating mechanisms, the taxa involved can be considered good species. This is because those genes or chromosomes which do not disrupt the well integrated harmony of another gene pooi, by adverse heterotic or epistatic effects, will be incorporated into the foreign gene pool, provided they can overcome the barrier of selection acting against any non-harmonious gene combinations in the backcross generations. Thus introgression of favourable genes will occur if such genes can be separated by recombination and segregation from those genes which are incompatible with the foreign gene pool. The existence of coadapted gene poois does not preclude the possibility that some genes or chromosomal segments will perform equally well in either genetic background and hence will enhance the genetic variation of the recipient species. Indeed it is feasible that such introgressed genes can actually raise the general fitness of the recipient species. Thus introgressed populations of Drosophila mojavensis, containing genetic material from D. arionensis, have been shown to be significantly fitter on the basis of several measures than either of the parental forms (Nagle and Mettler, 1969) .
In this case, the experimental introduction of genetic material has increased the fitness of the introgressed species.
Where hybrids are identified on chromosomal criteria, it may be impossible to distinguish between Fl hybrids and backcrosses, unless the two taxa show multiple karyotypic differences. In the study presented here, the two races of Caledia captiva are clearly distinguished by many structural rearrangement differences involving most members of the chromosome complement. The " Torresian " race has an acrocentric-telocentric complement similar to that found in the majority of Acridids. The "Moreton" race, on the other hand, is characterised by submetacentric elements (Shaw, 1976; Moran and Shaw, 1977) . However, in some parts of the distribution of this race, particularly near the contact zone (figure 1), there is a high level of secondary polymorphism for acrocentric-telocentric chromosomes, which have been derived from the "Torresian" race by introgression (Moran and Shaw, 1977) . A primary polymorphism, which is not the result of introgression, is found for acrocentric and metacentric forms of the X chromosome within this race and allows a comparison of the rates if autosomal introgression into populations fixed for the alternative sex chromosome morphs.
The high level of chromosomal differentiation found between these races makes this hybrid zone particularly suitable for a comprehensive analysis since the large number of karyotypic differences between the parental forms permits assessment of any restrictions on the production of backcross and F2 progeny, allowing a distinction to be made between hybrid sterility or hybrid breakdown.
A major difficulty in studying a hybrid zone is the problem of attaining adequate sample sizes in restricted areas of the zone. Because there is a steep dine in frequency across a hybrid zone, any sampling strategy which covers too large a part of this dine will necessarily yield an apparent deficit of hybrids due to the Wahlund effect. Interpretation of hybrid deficits in samples from hybrid zones must therefore be done with caution. For example, in Spalax ehrenbergii, the hybrid deficits in the 54-58 and 52-58 hybrid zones, which are narrower than the 58-60 zone, in which HardyWeinberg conditions are satisfied (Nevo and Bar-El, 1976) , may be due to this fact rather than to enhanced reproductive isolation. In the case of the parapatric races of Caledia in south-east Queensland, the population densities in the vicinity of the hybrid zone are sufficiently high to allow a comprehensive collection of samples to be made. Population densities in this region have been estimated as 3000 adult individuals per hectare (Craft, pers. comm.) and furthermore the distribution of grasshoppers across the zone is uninterrupted by geographical barriers.
MATERAIALS AND METHODS
(i) The Location of the transects Two transects have been made, one between "Torresian" populations and " Moreton" populations fixed for the metacentric X and the other between "Torresian" populations and "Moreton" populations fixed for the acrocentric X in order to locate precisely the position of the hybrid zone and ultimately to analyse its structure. Transect 1 lies between the Gregors Creek "Torresian" population and the Kilcoy "Moreton" metacentric X population ( fig. I ). Transect 2, on the other hand, was made between the Bongmuller Creek "Torresian" population and the Spring Valley Creek "Moreton" acrocentric X population. In both cases, the zone of contact was located to within a kilometre. It was not possible to sample Transect 2 in finer detail, because the Mary River lies between the two nearest "Torresian" and " Moreton" populations, at
Bell's Bridge and Spring Valley Creek respectively. However, no geographical barrier exists in Transect 1 and it was possible to continue detailed sampling within the 1-k interval ( fig. 2 ). In neither case is the position of contact associated with any abrupt ecological change, but there is a gradual increase in aridity and seasonality in a westward direction between the races (Moran and Shaw, 1977) . Although the Mary River runs across Transect 2 and separates the nearest "Torresian" and " Moreton" populations, sampling at other localities on either side of the river (Moran and Shaw, 1977) indicates that it is not a primary geographical barrier separating the races in this region. The two transects are compared only with respect to differential introgression since racially mixed populations were not sampled in Transect 2.
(ii) Location of the contact one in Transect 1
The position of the contact zone was located using a sampling strategy with progressively smaller intervals. Originally a 20 km transect, with 5 km intervals, was made in an easterly direction from the Gregors Creek site (Ti P1) towards Kilcoy. The racial changeover was found to occur between the Tl P3 and TI P4 sites. Subsequent sampling at i-km intervals (A, B C, D) between T1P3 and T1P4 (see fig. 2 ), revealed that the T1PA sample was "Torresian" and the T 1 PB sample "Moreton" in chromosome constitution. (iii) Analysis of karyotypes All grasshoppers were injected with 005 per cent colchicine in insect saline and 7-8 hours later, the mid-gut caeca were dissected out, and fixed in 3 1 absolute ethanol : glacial acetic acid for use in subsequent mitotic analysis. The testes were removed from all males and fixed prior to colchicine injection. Squash preparations were stained in lactopropionic orcein. Cells from all individuals, except those which were pure "Torresian" in constitution (homozygous acro/telo for all chromosomes), were photographed at a magnification of x 2000 and a karyogram for each individual was prepared ( fig. 3) . The meiotic pairing relationships of all chromosomes were verified in all Fl hybrid males (see fig. 4 for comparison of Fl hybrids with pure "Torresian" and "Moreton" metaphase 1 plates). The average number of inverted chromosomes per individual, together with the standard deviation, have been calculated for each of the samples from the transect (table 1) . These values have been considered separately for males and females because of the difference in chromosome number resulting from the XO/XX sex chromosome system. Precise chromosome identification is not required for this method of analysis, but simply a classification into two unambiguous categories. An analysis involving individual chromosome identification will be presented subsequently. For a pure "Torresian" population, the number of inversions per individual is 0. For a pure "Moreton" population, it is more difficult to estimate this parameter because of the primary polymorphism for autosomes 7, 8 and 11 (Moran and Shaw, 1977) . However, for a pure population fixed for the metacentric form of the X chromosome, the individual values range from 16 to 19 for males and 17 to 20 for females, allowing for this primary polymorphism.
An analysis of the difference in the mean number of inversions per individual has been carried out between adjacent populations in the transect. The major change in the mean number of inversions per individual occurs between the samples from TJPA2 and T1PA3 (table 1). These differences are very highly significant for both males and females (table 2). Few of the changes in this parameter in the remaining comparisons between adjacent samples are significant, although there are significant and consistent changes for both sexes between TI P3 and Ti PA (tables 1 and 2), which are predominantly "Torresian" populations, which are 1 k apart. This result suggests that selection is still acting strongly against individual "Moreton" chromosomes in the" Torresian" genetic background since neither of these populations is racially mixed nor contains any Fl hybrids. However, there is no evidence of similar selection acting against single " Torresian chromosomes between T 1 PB and TI P4, which are 3 km apart on the" Moreton" side of the zone. Again neither population is racially mixed nor contains Fl hybrids, but there is not a statistically significant increase in the average number of inversions per individual as would be expected if selection were acting against individual "Torresian" autosomes. Indeed the male data, if anything, indicate a trend in the opposite direction (tables I and 2) between Ti PB and Ti P4, although this decrease is only marginally significant and not present in the females. Thus if selection is acting against the "Torresian" autosomes in the "Moreton" background, it is much iess severe than the selection against individual" Moreton " chromosomes on the "Torresian" side of the zone. This interpretation of differential selection is supported by a comparison of the observed average number of inversions in samples from either side of the hybrid zone. For example in T1P3, which is only l5 km from the centre of the zone, the observed number of inversions (table 1) is very close to the expected value of 0 for a pure "Torresian" population. On the other hand, on the " Moreton" side of the zone at T1P4, the observed average number of inversions (table 1) is about three below the minimal expected value of 16 or 17, even though this locality is 35 km from the centre. Therefore "Moreton" chromosomes are rapidly eliminated on the "Torresian" side of the zone, whereas the "Torresian" autosomes persist on the " Moreton" side. This evidence further supports the interpretation made previously (Moran and Shaw, 1977) , that a considerable amount of the chromosomal variability in the "Moreton" race is attributable to the one-way introgression of" Torresian" chromosomes into the "Moreton" race,
(ii) Fl hybrids and parental types in the contact one
The individuals from each sample across the transect have been classified into three categories (see figs 3 and 4 for examples). These are:
(i) "Torresian" (pure and backcross derivatives) (ii) Fl hybrids (iii) "Moreton" (pure and backcross derivatives) The diagnostic characteristic of F I hybrids is, of course, maximal chromosomal heterozygosity. However, because backcross individuals are frequent, some allowances must be made for Fl individuals derived by hybridisation between "intro gressed" individuals of the two races (see fig. 3 ). Hybrids derived from such matings will be homozygous for one or more diagnostic chromosomal pairs. For example, in Ti PAl, 10 of the 13 "Torresian" males had one or more inverted chromosomes, with an average of 19 inversions per backcross derived individual. Similarly, 14 of the 22 " Torresian" females from the same sample had an average of 23 inversions per individual. Similar statistics for the other predominantly "Torresian" populations are presented in table 3. Consequently a small proportion of the individuals classified as backcross derivatives may in fact be F I hybrids and vice versa. In practice, however, the proportion of such ambiguous individuals is very low and unlikely to affect the validity of the data. It is more difficult to assess this effect on the " Moreton" side of the zone, partly because of the primary polymorphism for chromosomes 7,8 and II and partly because there are fewer restrictions on the occurrence of new segregants on the "Moreton" side of the zone as a subsequent section will demonstrate. in the 200-m interval between T1PA2 and T1PA3. T1PA2 contains 725 per cent " Torresian" individuals, whereas T 1 PA3 contains 73 8 per cent "Moreton " individuals. In other words, there is ajump of 654 per cent in the frequency of" Torresian "individuals and 688 per cent in the frequency of" Moreton" individuals between Ti PA2 and Ti PA3.
The breeding structure of the racially-mixed populations from T1PA1 to T1PA4 has been analysed by means of Hardy-Weinberg analysis. In T1PA1 and T1PA3, the chi-square values (1 d.f.) of lll4 and 4l3 respectively are significant. However, in these two cases, the skewed chromosome frequencies have led to very small expected values for the least frequent genotypic category and the tests are therefore statistically non-conservative (Lewontin and Felsenstein, 1965) . On the other hand, in T1PA2 and T1PA4, the chi-square values of 1 2 1 and 003 respectively are not significant. In these cases, and probably in the former two cases, there is random mating between the races and normal survival of the Fl progeny. Laboratory crosses have also demonstrated that there are no pre-mating reproductive barriers between the" Torresian" and " Moreton" races and have demonstrated the normal viability of the Fl progeny (Moran, 1978) . Given random mating between the races and normal viability of the Fl, the complete change from one race to the other over 1 k, with an abrupt change in the If the frequency of individual chromosomes is followed across the transect, a high level of resolution can be obtained of the genetic changes which are taking place, particularly when consideration is also taken of the racial changes based on total genome analysis. It is possible to compare both the frequencies of a given chromosome between the different points in the transect and also to compare the relative frequencies of different chromosomes at the same point (Table 4) .
As expected from the previous analysis of racial frequencies, the major change in the chromosome frequencies occurs between TI PA2 and Ti PA3. In this interval of only 200 m, the following changes in frequency occur: frequency changes for chromosomes 7, 8 and 11 are correlated with lower frequencies of submetacentric (7 and 8) and acrocentric (11) chromosomes on the "Moreton" side of the zone. On the basis of the geographical distribution of the forms of these chromosomes (Moran and Shaw, 1977) , it has previously been concluded that there are primary polymorphisms for these chromosomes, similar to the acrocentric-submetacentric polymorphism for chromosome 10. In other words, the acrocentric classes of chromosomes for 7 and 8 and the telocentric class for chromosome 11 ( The behaviour of the X chromosome in the contact zone warrants further comment. Apart from displaying the largest frequency change in the 200-rn interval between Ti PA2 and T 1 PA3, it is the only chromosome to achieve fixation of the "Torresian" acrocentric or the "Moreton" metacentric forms respectively at T1PA and T1PB, which lie at opposite ends of the I k transect. Thus the X shows the sharpest change in the central interval and the most rapid change overall. Further the X chromosome has only once been found in a foreign autosomal background other than in an Fl hybrid. This involved a female from the TIPA4 sample, C. MORAN which was found to be heterozygous for the X chromosome, but was homozygous for the" Moreton" form of chromosomes 4, 5 and 6. Although this individual was scored as a " Moreton" backcross derivative, it could also have arisen from a cross between a " Torresian" backcross derivative and a "Moreton "individual. However, despite this single exception, it is notable that all 11 other cases of X chromosome heterozygosity in the contact zone samples are restricted to Fl hybrids. Since it is also clear that the X chromosomes do not introgress in either direction (Moran and Shaw, 1977) it seems likely that they play a major role in maintaining the integrity of the "Torresian" and " Moreton" races.
(iv) Gametic disequilibrium between chromosomes For two loci, each with two alleles, there are nine genotypic categories.
Therefore, an adequate statistical analysis of non-random associations between two loci (or non-homologous chromosomes) requires large sample sizes, particularly when the gene frequencies are very skewed. In this case, the analysis of non-random associations between non-homologous chromosomes in the populations sampled from the hybrid zone must overcome both the problem of skewed chromosome frequencies and relatively small sample sizes.
The statistical analysis used here consists of a "genie " independence chi-square test, which has been applied to all possible pairwise combinations of chromosomes 1, 2, 4, 5, 6, 10 and 11 for populations T1PAI, T1PA2, Ti PA3, and Ti PA4. The "Moreton" acrocentric and metacentric forms of chromosome 10 have been pooled for this analysis. All cells with an expectation of less than one in the independence test matrix have been pooled with the adjacent cell with the smallest expectation, until all expectations less than one have been pooled and the total pooled expectation is greater than one. This strategy ensures that the test is statistically conservative (Lewontin and Felsenstein, 1965) . All cases of statistically significant departures from non-randomness are due to disequilibria resulting from an excess of parental combinations in the double homozygous and double heterozygous categories and a deficiency of the recombinant classes. However, the contribution of the less frequent parental double homozygous type is inevitably lost because of the pooling strategy.
There is a striking difference in the pattern of gametic disequilibrium between non-homologous chromosomes In populations on either side of the contact zone (table 6). Thus TI PAl and TI PA2, which are predominantly "Torresian", have strong non-random associations, which affect all of the tested chromosomes. Although not all pairwise combinations show statistically significant disequilibria, all display the same trend with an excess of parental double homozygous and hybrid double heterozygous types.
However, there is no consistent pattern of association in TI PA3 and TI PA4, which are predominantly "Moreton" irs Constitution, except for the chromosome 1-2 combination, which shows statistically significant departures from non-randomness in both populations. The other departures in these populations are few and only marginally significant, compared with the many highly significant associations in T1PA1 and TIPA2. The change from populations with many significant non-random associations to those with few detectable disequilibria occurs between Ti PA2 and TI PA3. This (2) 885 (2) 12•10 (2) 731 (3) 1195 ( (3) 1162 (3) 662 (3) 496 (3) 361 (2) (2) 503 (2) 980 (2) n.s. ** (3) 106 (3) 314 (3) 188 (5 611 (2) 077 (2) 300 (4) n.s. * n.s. n.s. corresponds to the previously described change from a predominantly "Torresian" population to one which is mainly "Moreton" in constitution, with a simultaneous large change in the frequencies of all chromosomal morphs. The "recombinant" chromosomal genotypes consist of those pair-wise categories in which one chromosome is heterozygous and the other homozygous (e.g. TIM, T/T) and those in which both are homozygous for a combination not found in the parental types (e.g. T/T, M/M). These genotypes will be produced either by backcrossing or the crossing inter se by the F I hybrids. The deficit in the recombinant categories in the predominantly "Torresian" populations suggests that there is a severe restriction on the production of F2 and backcross progeny in these populations, although the data clearly show that it is not an absolute restriction. On the other hand, the general lack of associations between autosomal forms on the" Moreton" side of the contact zone demonstrates that there is much less restriction to the formation of new autosomal combinations in this case. However, in both types of populations, with one possible exception, all females heterozygous for the X chromosome are Fl hybrids. Furthermore, the homozygous X chromosome pair in the females has been found to be diagnostic of their racial type in the hybrid zone populations. In other words, homozygous metacentric X individuals are" Moreton" and the homozygous acrocentric X females are always otherwise classifiable as "Torresian ", The Xautosome associations in the females have not been tested because of the reduction in sample size when the male data are removed. Nevertheless, it is clear that there are barriers to the formation of new X chromosomeautosome combinations.
Severe selection is required to maintain associations between even a single pair of non-homologous chromosomes in the face of independent segregation. Further the recombination load increases rapidly for each additional chromosome pair. Hybrid breakdown is one possible means of restricting the formation of new chromosomal combinations on the "Torresian "side of the zone and is the only mechanism likely to maintain so many related non-random associations, since hybrid infertility would generate similar disequilibria on the "Moreton" side. However the lack of nonrandom associations on the "Moreton" side of the zone implies that backcross breakdown is less severe and selective autosomal introgression could therefore occur. Laboratory crosses, coupled with cytological analysis of meiosis in Fl hybrid males, have provided independent evidence of F2 breakdown (Moran, 1978) .
The results of the gametic disequilibrium analysis on these four populations at the contact zone are consistent with the pattern of one-way introgression of chromosomes from the "Torresian" into the "Moreton" race. Furthermore, asymmetrical hybrid breakdown would not only give rise to the observed pattern of disequilibria and the restrictions on introgression, but would also maintain a narrow hybrid zone.
DiscussioN
(i) The " Ivioreton " X chromosomes and introgression
The nature of the geographical distribution of the acrocentric and, metacentric morphs of the" Moreton" X chromosomes (Moran and Shaw, 1977 ) permits a comparison of the rates of introgression of "Torresian" autosomes into "Moreton" populations fixed for either of these forms of the X chromosome. This comparison is particularly relevant since the data presented here have shown that the X chromosome frequency changes within the hybrid zone are more extreme than the changes in autosomal frequency, implying that the X chromosome is an important factor in maintaining isolation between these taxa. A previous study (Moran and Shaw, 1977) has already demonstrated differences in the frequency of introgression of particular autosomes ( fig. 6a) . The effects of the alternative "Moreton" X chromosome morphs on regulating introgression of "Torresian" autosomes are now discussed. The comparisons can be best made between the Spring Valley Creek population (Moran and Shaw, 1977) , which is fixed for the acrocentric X and Ti PAB (see table 4), and are in approximately equivalent positions relative to the contact zone (see fig. I for geographical locations). The introgressed acrocentric-telocentric morphs of chromosomes 1, 2, 10 and 11 are found at a much higher fre.. quency in the Spring Valley Creek population than in T1PB. However, the introgressed morphs of chromosomes 4, 5, 6, 7 and 8 have similar frequencies between the two types of populations. This difference between acrocentric X and metacentric X populations is consistently observed in other "Moreton " populations collected in the vicinity of the contact zone (Moran and Shaw, 1977) . A simplified diagrammatic representation of this differential introgression has been made in fig. 6 . The large arrows for chromosome 1, 2, and 11 ( fig. 6 ) represent a higher frequency of introgression of these chromosomes into the acrocentric X populations both relative to the other autosomes in these populations and to the similar autosomes in the metacentric X populations. An analysis of chromosomal gametic disequilibrium in two "Moreton" acrocentric X populations from the vicinity of the contact zone (Moran, 1978) , similar to that performed on the Transect 1 data, has revealed only one significant result in 42 tests. Thus the analysis of non-random autosomal associations in these acrocentric X populations agrees with this previously presented results in the " Moreton" metacentric X populations A role for the X chromosome in maintaining reproductive isolation between parapatrically distributed taxa is suggested by several other cases where chromosomal races are distinguished by X chromosome rearrangements alone. Examples are found in the Di4ymuria violescens complex (Craddock, 1971 (Craddock, , 1975 , the Viatica group of Morabine grasshoppers (White et al., 1967; White et al., 1969; Mrongovius, 1975) and in the Alpine grasshopper Podisma pedestris (Hewitt, 1975) , where X-autosome fusions are the sole or major rearrangement difference. However, in these cases, the Fl hybrid males cannot be chromosomally distinguished from the parental males and thus cannot suffer from infertility resulting from the structural rearrangement. In one case which has been tested, male hybrids of P(24XY) and viatica 17 displayed only a 3 per cent increase in the frequency of asynapsis over controls and the fecundity of the hybrids was normal (Mrongovius, 1975) . Similarly the structural rearrangement differences of the X chromosome between the " Moreton" and " Torresian" races of Caledia captiva cannot, of themselves, depress the fertility of the hybrids, since the males have only one X chromosome and crossing-over is not expected to occur in the heterozygous inverted X segments of the females. The role of the X chromosome as an isolating mechanism must therefore be in terms of epistatic interactions with the autosomes in the F2 or backcross generations.
(ii) A model of hybrid breakdown in a contact zone A deterministic model of hybrid breakdown in a contact zone has been produced to analyse the genetic load and the change in racial frequency per generation with any given initial frequency of racial types. The model (see table 7 ) assumes random mating between the races, normal viability and fertility of the F 1 hybrids and several different regimes of F2 and backcross breakdown. A further important assumption is that survival of the backcross progeny is directly related to their degree of genetic resemblance to the parents, although this relationship may differ on either side of the hybrid zone. This justifies the lumping of surviving backcross progeny with the parental types for extrapolations beyond the second generation. 
With complete F2 and backcross breakdown, (I) there is a symmetrical relationship for both genetic load and the change in racial frequency ( fig. 7a and b, closed circles) about the equivalence point of the contact zone, where both races occur with equal frequency and make an equal contribution to the derivatives. At this mid-point, the maixmum genetic load of 75 per cent occurs and the expected change in racial frequency is 0. However, the frequencies on either side of the equilibrium point are unstable and will move towards the nearest absorbing boundary at 0 or 10, with each generation of breakdown, unless balanced by migration. The rate of change is highest for frequencies around 025 and 075. The instability of these frequencies will tend to reduce the genetic load in the zone overall and in geographical terms will cause a reduction in its width. Since there must always be an equivalence point in the contact zone, a stable narrow zone will be maintained provided there is some migration. The alternative is extinction of both races at the point of contact. The second example presented in fig. 7 (open squares) demonstrates the effect of unilateral backcross breakdown, with complete survival of one type of backcross progeny and complete elimination of the other type. The model is oversimplified in that all of the viable backcross products have been pooled with the parental type with which the backcross was made. In practice, all such backcross products would not have been classified in this way, since it is possible to produce individuals having a greater resemblance to Fl hybrids than to the parental type. Despite this limitation of the model, the effect of asymmetrical breakdown is to displace the equilibrium frequency and point of maximum genetic load away from 0.5. Again the equilibrium is unstable and frequencies on either side of the null point will move towards the absorbing boundaries. The results of 90 per cent breakdown in one of the backcrosses and 50 per cent breakdown in the other are in general intermediate between the two previously described examples ( Fig. 7a and b, open circles) . The equilibrium frequency and point of maximum genetic load occur at approximately 04. The frequencies on either side of the equilibrium point will again move towards one of the absorbing frequency boundaries at 0 or 10.
In each of the latter two examples, there will be an apparent deficit of hybrids because of the inclusion of the surviving backcross progeny in the parental classes. However, this effect is reduced in relation to the severity of the backcross breakdown.
Theoretical models of narrow dines have demonstrated that asymmetrical gene flow will move the dine without appreciably affecting its other characteristics such as width (Endler, 1977) . Asymmetrical hybrid breakdown will also cause the position of a narrow dine to move because of the far greater survival on the side of the dine which suffers least from hybrid breakdown. However, in this case, the dine will move in the opposite direction to the direction of gene flow or introgression. If the model can be validly applied to the hybrid zone in Galedia, it would mean that the "Moreton" race has advanced, and may still be advancing, on the "Torresian" race, acquiring "Torresian" chromosomes during the movement of the hybrid zone. The movement of the hybrid zone will continue until an environmentally determined geographical equilibrium position is established (Key, 1968 (Key, , 1974 . At this point, there will be an increase in the fitness of the "Torresian" race, relative to the introgressed "Moreton" race, to counterbalance the effect of the asymmetrical breakdown. However, in the absence of an environmentally determined fitness gradient, the hybrid zone will continue to move unimpeded.
Although migration of the parental racial types is necessary for the maintenance of a hybrid zone, it has not been considered specifically in this model. However, if a zone of overlap is formed and there is no subsequent migration, the less frequent "foreign" racial type will become extinct on both sides of the zone, except at the equilibrium point, where there will be extinction of both racial types. Both the differences in population density on either side of the zone and the fact that the double extinction point is not at a frequency of 05, explains the tendency for the position of the hybrid zone to move under a regime of asymmetrical hybrid breakdown. The rate of migration and tendency for dispersal are not known for these races of Caledia. Therefore the relationship between migration and rate of dispersal cannot be considered in detail. However, the extreme narrowness of the contact zone with the bulk of the transition occurring in a 200-rn interval, makes it likely that hybrid breakdown is severe and that migration occurs at a low rate for distances of approximately 1 k.
Severe F2 breakdown has already been demonstrated in laboratory hybridisation of the "Moreton" and "Torresian" races. Further, the asymmetry in the pattern of chromosmal disequilibria in the contact zone populations provides evidence for the differential effect of hybrid breakdown on the two races. The model of hybrid breakdown may have many applications in the study of narrow contact zones since it can explain both the presence of a stable narrow zone and also selective introgression.
